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Anatomical Basis for Seed Shattering in Kleingrass and Guineagrass 1
Byron L. Burson, Jairo Correa, and Howard C. Potts2
ABSTRACT
Anatomical studies of abscission layer development in kleingrass
(Panicum coloratum L.) and guineagrass (P. maximum Jacq.) were
conducted to determine the sequential histogenesis of the abscission
layers which lead to seed shattt>ring and to relate layer development
to identifiable morphological stages of developing inflorescences. Two
different abscission layers were present in each species. A primary
layer was located in the pedicel near the base of the glumes, and a
secondary layer extended across the rachilla which supports the fertile
floret. The primary layer became histologically identifiable at the
early boot stage of floral development in both species but was initiated
earlier in guineagrass. By anthesis, cells in this layer were fully developed. Primary layer cell disintegration started 8 to 9 days after
anthesis in kleingrass and continued until the spikelet was eventually
attached to the pedicel only by the epidermal and vascular cells.
Spikelet disarticulation normally occurred by the 14th day after anthesis in kleingrass. In guineagrass, the same progression of events
accounted for seed abscission but they occurred over a shorter time
span with shattering occurring 10 days after anthesis. The secondary
abscission layer was not identifiable until the inflorescences had
emerged from the leaf sheaths in both species. The layer consisted of
a thin layer of oblong parenchyma cells extending across the rachilla.
By anthesis the cells near the outer edge of the layer became sclerified
and the sclerification process continued inwardly until abscission occurred 12 to 15 days following anthesis. The abscission mechanism
at this layer was assumed to be mechanical, because there was no
evidence of cell disintegration. The major contributor to seed shattering in both species was the primary abscission layer. In kleingrass,
81 o/o of the seed shattered at the primary layer and 19o/o at the secondary layer.
Additional index words: Panicum coloratum, Panicum maxtmum, Abscission layer, Histological.
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Panicum coloralum L ., is a perennial ,
warm-season bunchgrass native to South Africa . The
species was introduced into the United States in the 1940's
and has become an important forage grass in the southwest.
Kleingrass is adapted to a wide range of soils and environmental conditions. It has the ability to withstand extended
periods of hot, dry weather and to recover quickly to produce a large quantity of forage once moisture is available.
It also produces high quality forage and acceptable animal
average daily gains under grazing (Dubie et al., 1971; Conrad , 1976).
The major problem with this grass is that its seed shatter
from the inflorescence as they mature. Also, because the
seed ripen nonuniformly , a large quantity of immature seed
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is harvested, and therefore, seed quality is reduced. These
events result in higher prices for the available seed. The
exact amount of seed lost to shattering is difficult to quantify . Recently , Young (1981) enclosed individual inflorescences from selected plants of kleingrass, 'Selection 75,' in
seed traps and measured the number of seed which shattered
over a period of time. Although the experiment was conducted in the field , the seed collection traps enclosing the
inflorescences provided some protection from wind and rain
which reduced the normal rate of shattering. He found that
95% of the seed shattered within 49 days after anthesis.
Under normal field conditions, this level of shattering would
undoubtedly occur much sooner. Attempts have been made
to increase seed retention through breeding and plant selection ; however, no appreciable progress has been reported
(Hearn · and Holt, 1969).
Severe seed shattering is not unique to kleingrass; many
warm-season forage grasses exhibit the same characteristic.
Guineagrass, Panicum maximum Jacq ., seed shatter more
severely than kleingrass and shattering usually occurs prior
to seed maturity. Javier (1970) reported that in guineagrass
maximum seed yields, 19% of the total , were obtained when
the plants were harvested after 40 to 60% of the spikelets
had abscised from the inflorescence. This occurred about
12 to 14 days following panicle emergence. Efforts to increase seed retention in guineagrass through breeding have
been unsuccessful (Burton et al., 1973).
Seed shattering is normally associated with the formation
of an abscission layer. Limited information is available regarding the anatomical description of the abscission layer
development and the mechanics of the shattering process in
forage grasses. Bonin and Goblen (1963) reported that shattering in reed canarygrass (Phalaris arundinacea L.) resulted from the disarticulation of the rachilla 12 days after
an thesis. Burson et al. ( 1978) found that in Pensacola bahiagrass (Pa spalum nolatum var. saurae Parodi) and dallisgrass (Pa spalum dilatatum Poir.) an abscission layer developed across the pedicel immediately below the base of
the spikelet and abscission occurred 13 to 18 days after
anthesis. Weiser et al. (1979) observed the formation of an
abscission layer at the base of guineagrass spikelets and
attempted to determine if different growth regulators affe cted abscission layer development.
The objectives of the present investigation were to determine the sequential development of the abscission layer
in kleingrass , to relate its development to different morphological stages of the inflorescence, and to compare abscission layer development in kleingrass to that of guineagrass to determine if the shattering mechanism is similar
in both species.
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Figs. 1-12. Anatomical development and subsequent disintegration of the primary abscission laye; in kleingrass pedicels. Fig. I. Spikelet differentiation with no evidence of an abscission layer at early boot stage (X 360); Fig. 2. Initial organization of the abscission layer at boot stage
(arrows) (X139); Fig. J. Wedge-shaped abscission layer at late boot stage (X135); Fig. 4. Elongation of the abscission layer cells in a radial
plane at initial exsertion stage ( X 139); Fig. 5. Organization of central cells along a radial plane and constriction of the vascular bundle at
complete exsertion stage ( X 153); Fig. 6. Maximum organization of cells in the primary abscission layer at anthesis stage, note small cells near
vascular bundle ( X 142); Fig. 7. Disintegration of the middle lamella and elongation and collapsing of the cells (arrows) within the abscission
layer 8 days after an thesis ( X 157); Fig. 8. Formation of initial lacunae (arrows) as a result of cell iisintegration 10 days after anthesis (X 142);
Fig. 9. Coalescence of lacunae (arrows) 11 da ys after anthesis with the spikelet attached only by epidermal cells and vascular bundle (X 142);
Fig. 10. Continued coalescence of lacunae (arrows) and disintegration of the vascular bundle ( X 142); Fig. Jl . Total disint~gration of the
abscission zone and the vascular bundles ( X 142); Fig. 12. Spikelet abscission 13 days after an thesis (X 98).

748

CROP SCIENCE, VOL. 23, JULY-AUGUST 1983

MATERIALS AND METHODS
Material for this study was obtained from 15 plants of each
species growing in space-planted nurseries at Mississippi State ,
Miss., and Temple, Tex. The kleingrass nursery was established
from commercial seed of Selection 75 and guineagrass from seed
of PI 307633 which were obtained from the Southern Regional
Plant Introduction Station, Experiment, Ga.
Abscission layer formation and development were examined anatomically for both species at six sequential morphological stages
of floral development. These were: a) early boot-shortly after the
differentiation of the inflorescence which could not be detected by
feeling the leaves enclosing it; b) boot-the inflorescence could be
detected by feeling the leaves enclosing it; c) initial exsertionwhen the inflorescence began to emerge from the leaf sheath; d)
complete exsertion-the inflorescence had completely emerged from
the leaf sheath; e) anthesis-when the anthers began to protrude
from the upper florets of the inflorescence; and f) shattering-the
initiation of seed disarticulation. These six stages provided a basis
for relating abscission layer development to a specific morphological stage of plant growth. Because in grasses flowering is indeterminant, it was possible to collect inflorescences representing
the six different stages of floral development from each plant at
the same time throughout the growing season.
We found the development of the megaspore mother cell and
subsequent female gametophyte to be useful references in determining the stage of abscission layer development. This was especially helpful for stages prior to anthesis. To obtain a better
understanding of the shattering mechanism, inflorescences were
tagged and then collected daily from anthesis until 22 days after
an thesis.
Inflorescences at the six different stages of floral development
were collected from each plant. They were killed and fixed in
FAA (90 ml 70% ethanol, 5 ml acetic acid, and 5 ml formaldehyde). Approximately 30 spikelets with attached pedicels were
removed from each inflorescence (a minimum of i 80 spikelets per
plant). The spikelets were dehydrated in a tertiary butyl alcohol
series, embedded in paraffin, and sectioned longitudinally with a
rotary microtome at a thickness of 15 ~m, except at shattering
stage when thicker sections, 18 to 20 ~m, were necessary. The
material was stained in the Safranin-0 fast green series. Cell
dimensions were determined by measuring the length and width
of the longitudinally sectioned cells.

RESULTS
Kleingrass and guineagrass inflorescences are open panicles and their spikelets are attached to the panicle branches
by pedicels 2 to 3 mm in length. Each spikelet consists of
two glumes which enclose one sterile and one fertile floret.
When seed shattering occurs, disarticulation occurs either
at the upper portion of the pedicel or in the rachilla at the
base of the fertile floret. Thus, the anatomical ontogeny of
the pedicel and rachilla were of concern in this investigation.
Kleingrass

Floret formation and differentiation were incomplete at
the early boot stage; however, the rudimentary structures
of the floret were identifiable. The pedicel area immediately
below the spikelet was composed of parenchyma cells, some
of which were undergoing division . These cells were basically circular in shape (Fig. 1) and averaged 10 J,Lm in
diameter. There was no indication of an abscission layer at
this stage, and there was no histological evidence that specific cells would differentiate into an abscission layer (Fig.

•

1). Some sections revealed the presence of procambium and
occasionally cells of the developing vascular tissue.
At the boot stage of panicle development, an abscission
layer was evident within the enlarged bulbous tips at the
spikelet end of the pedicel (Fig. 2). This we call the primary
abscission layer. The cells within the layer had elongated
on a radial plane and had essentially doubled in size since
the early boot stage (Fig. 1). They were oblong in shape
with a~ average dimension of 12 X 20 J,Lm, and the cell
walls k ere more prominent than. those of the surrounding
ground tissue. The overall appearance of the abscission layer
had assumed a wedge shape being 5 to 7 cells in width near
the epidermis and gradually narrowing to a width of 1 or
2 cells adjacent to the vascular tissue near the center of the
pedicel (Fig. 3). During this morphological stage, the megaspore mother cell was visible in the ovule and the rachilla
supporting the sterile floret was recognizable.
During the initial and complete exsertion stages of floral
development, there were only slight histological changes in
the cells of the abscission layer (Fig. 4 and 5). The most
noticeable change was a slight constriction in the vascular
cells. Cell walls in the abscission layer also became thicker
during these stages.
At anthesis some of the cells in the layer had increased
in size to 20 X 40 J,Lm, while other cells maintained their
original shape and size (Fig. 6). Those cells nearest the
vascular tissue were among the smallest in the abscission
zone. Cell walls appeared to be thicker at this stage.
Figures 7 through 12 are sections of spikelets collected
daily at 8 to 13 days after anthesis, and illustrate the latter
stages of the abscission process. On the 8th or 9th day after
anthesis, the middle lamella of the abscission layer cells
apparently was absorbed or dissolved. Shortly thereafter,
the cell membranes lost their integrity, and the cells gradually exuded their cytoplasmic contents resulting in flattened, elongated cells (Fig. 7). Cell disintegration continued
following the loss of the middle lamella with scattered open
spaces or lacunae developing throughout the abscission layer
(Fig. 8). As cell disintegration continued, the lacunae increased in size by coalescence until the spikelet was eventually attached to the pedicel only by the epiQ.ermal and
vascular cells (Fig. 9 and 10). The vascular tissues were
believed to have ceased normal functions because they were
disintegrating (Fig. 10), and when they separated, the
spikelet was supported only by the epidermal cells (Fig.
11 ). On the 14th day after an thesis, floret disarticulation
occurred by breakage of the epidermal cells (Fig. 12).
A second abscission layer was observed in the rachilla
supporting the fertile floret (Fig. 13). Histologically, this
layer was not identifiable until the inflorescence was at the
initial or complete exsertion stage of development. It was
characterized as a thin layer of oblong parenchyma cells
about 5 X 10 J,Lm oriented transversely across the rachilla.
The cells within this abscission layer were slightly smaller
than the surrounding parenchyma cells (Fig. 14 ).
At anthesis the cells near the outer edge of the layer
became sclerified forming a ring around and concentric to
the vascular bundle. Sclerification of the cells continued and
abscission occurred when all cells in the layer were sclerified, which was usually 12 to 15 days following anthesis.
To determine the extent that each abscission layer was
responsible for seed shattering, several panicles of kleingrass
were brought into the laboratory at the onset of shattering .

..
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Figs. 13-14. Secondary abscission layer in the rachilla supporting a kleingrass floret. Fig. 13. The primary (P) and secondary (S) abscission layers
in a longitudinal section of a spikelet at anthesis stage of development ( X 100). Fig. 14. Sclerified cells in the developing secondary abscission
layer (arrows) at initial exsertion stage ( X 156). Figs. 15- 17. Primary and secondary abscission layers in guineagrass. Fig. 15. A wedge-shaped
primary abscission layer at complete exsertion stage in a guineagrass pedicel ( X 156). Fig. 16. The elongation and collapsing of the cells (arrows)
in the primary abscission layer at an thesis stage ( X 250). Fig. 17. Sclerified cells in the secondary abscission layer (arrows transversing the
rachilla supporting a guinea-grass floret ( X 156).

After maturing in a wind-protected environment , each inflorescence was gently ta pped on a ta ble top 10 times a nd
the shattered seed were collected . Beca use th e seed whi ch
abscised from the prim a ry layer ha d th e g lumes a ttached
and those from the seconda r y layer wer e glumeless , it was
possible to determine from which laye r th e eed had abscised . An average of 81 o/o of the seed a bscised a t the prima ry
layer and 19o/o at the seco nda ry laye r.

Guin eagrass
The ontogeny of the tw o a bscission laye rs in g uineagr a s
was very similar to th a t of kleingrass . Th e m ajo r differ ences
in primary a bsciss ion laye r de velopment were th a t in guineagrass , thi s laye r w as id enti fia bl e a t a n earlie r stage of
floral development , laye r cell s ha d thi cker wa ll s, a nd seed
abscission w as initi a ted 10 days a ft er a n th es is.
Primary layer developmen t beca m e ev ident durin g th e
latter pha se of the earl y boot stage, pri or to differe nti a ti on
of the reprodu ctive stru ctures. Cell s in thi s laye r we r e a bou t
12 X 17 J.Lm. The laye r was wedge sha ped imil a r to th a t
observed in kleingrass (Fig. 15 ).
When inflorescences we re in the boot stage, the pr ima ry
layer was 6 cell s in longitudina l w idth a t th e ep ider mi s a nd
2 or 3 cell s wioe nex t to the vascu lar bun d le . The mea n
cell size wa s 15 X 24 J.Lm a nd th e cell wa ll s appeared th icker

th a n th e ea rli er stages of deve lopment. It w a s apparent that
ce ll s w ithin the laye r had elonga ted in a r adial direction.
During th e ini tia l a nd complete exserti on stages , the only
ap pa rent cha nges we re furth er thi ckening of cell walls. At
a n the i som e ce ll s we re losing th eir turgidity . The middle
la m ell a ap pea red to have deteri ora ted . Cells in the layer
lost their contents a nd were flat tened a nd elonga ted similar
to those obse rved in kl eing rass (Fig. 16). Within 2 or 3
days a ft er a n thesis, sm a ll lac un ae bega n developing toward
the outer extremities of th e a bsciss ion layer. During subsequ en t laye r deve lo pm ent , la rge r lacunae formed , and
w ithin 10 days initi a l sha tterin g occurred . The mechanics
of bat terin g a ppea red simil a r to th ose in kleingrass.
i\ secondary absciss ion laye r was a lso present in the rachill a support ing th e fertil e Ooret (Fig. 17). Its size , time of
deve lopment , a nd a ppare nt abscission mecha ni sm were simil a r to tho e observed in kl eingr ass.

DISCUSSION
Thi s in ves ti ga ti on revea led th a t eed sha ttering in kleing rass a nd gu in eagrass is co nditi oned by tw o a bscission layers. Th e pri m ary layer exte nds across the pedi cel nea r the
base of the spik elet a nd is the m ajo r contributor to seed
ha tteri ng. i\ second ar y a bscission 'laye r develops ac ross the
rachi lla su pportin g the fert il e Ooret. A nato mi ca lly , the only

BURSON ET AL.: SEED SHATIERING IN KLEINGRASS & GUINEAGRASS

.f

~

I
1

discernable differences in the histogenesis of the abscission
layers in these two species were that in guineagrass the
primary layer was initiated earlier in the early boot stage
with cell deterioration and subsequent spikelet disarticulation also occurring 3 to 4 days earlier. Because of similarities in abscission layer development of these two species,
we believe that similar development occurs in other Panicum species in which seed shattering occurs.
Two general mechanisms of seed abscission processes are
reported in the literature. These are: a) disintegration of
the middle lamella and part or all of the cell wall as a result
of chemical changes and b) mechanical tearing because of
weak tissue in the layer (Fahn and Werker, 1972). The
primary abscission layer in both species appears to deteriorate as a result of biochemical changes. However, actual
floret disarticulation occurs by what is considered mechanical breakage of the epidermal cells. This was assumed
because of the irregular shape of the epidermal cells in
contrast to the rounded edges of the cells in the abscission
layer. In the secondary layer of both species the abscission
process apparently is totally mechanical because there was
no evidence of cell disintegration.
It is interesting to note that two abscission layers with
different abscission mechanisms have evolved in these species. Because the primary abscission layer is the major cause
for seed shattering, essentially all efforts to control shattering have been directed toward this layer. If shattering
from this layer is controlled, the problem may not be eliminated because the secondary layer, wl)ich also causes seed
shattering, could conceivably still exist and require a different means of control.
The abscission layer development and subsequent initiation of spikelet disarticulation occurred at the same morphological stages in the guineagrass introduction used in
this study as in the two genotypes Weiser et al. (1979)
examined. However, there were some differences in our
findings regarding the method of cell deterioration prior to
abscission. We are in agreement that an enzym<; may be
involved in the process. Weiser et al. (1979) reported that
the deteriorated cells possessed jagged walls and interpreted
this as the enzyme destroying the cell by lysis. They did
not mention the apparent dissolution of the middle lamella
and subsequent gradual loss of the cellular contents which
resulted in elongating and collapsing of the cells; however,
we observed this behavior at anthesis in the genotype used
(Fig. 16). Rather than jagged cell walls, we observed cells
with smooth rounded walls which suggests that the cells
were not destroyed by lysis but by a loss of cell membrane
integrity which permitted the cytoplasm to be exuded. A
possible explanation for this difference is that Weiser et al.
(1979) examined plants treated with growth regulators
which may have caused a treatment effect.
There is undoubtedly one or more hydrolytic enzymes
involved in the abscission process in the primary layer of
both species. However, because of the small quantity of
tissue in the abscission area and the difficulty of keeping
the spikelet and pedicel intact at the latter stages of the
abscission process, it physically would be difficult to identify
the enzyme. If the enzyme could be identified and the control of its induction understood, this information could be
extremely important in providing a means of controlling
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seed shattering in these grasses and possibly in other plants.
Through blocking the synthesis of the enzyme, it is conceivable that abscission at the primary layer could be stopped.
Plant growth regulators have been used to control fruit
abscission primarily in horticultural crops (Cooper and
Henry, 1973). Weiser et al. (1979) applied auxin and gibberellin to inflorescences of guineagrass to control seed shattering. They found that auxin reduced shattering by as
much as 40% depending upon plant genotype and auxin
concentration. Gibberellin either stimulated abscission or
had no effect. In field studies, Weiser et al. (1979) applied
growth regulators to inflorescenses almost at the complete
exsertion stage. Because the abscission layer is essentially
fully differentiated at this stage, it would seem likely that
if growth regulators were applied at earlier stages of development, a more positive effect could be obtained. However, growth regulators are applied to the plant in the form
of a foliar spray, and adequate penetration into the developing inflorescences is unlikely when they are enclosed in
the leaf sheath. A possible solution to this problem which
would allow growth regulators to penetrate the developing
inflorescences at a more immature stage is to apply a transporting agent such as dimethylsulfioxide (DMSO) with the
growth regulators to facilitate movement of the regulators
into the plant tissue. This might provide a more definitive
insight into the effect of growth regulators on the development of an abscission layer.
Findings from this study provide a better understanding
of the abscission process responsible for seed shattering in
these two species. More importantly, the general ontogeny
of the developing abscission layer can be associated with
particular morphological stages of the developing inflorescences. This should be of value in future studies attempting to control seed abscission.
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